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(54) Molecular synthesis 

(57) Molecular synthesis is carried out on a substrate (1) provided with a nanofabricated surface structure (2, 3) typically 
formed by means of a scanning tunneling microscope. The resulting surface structure acts as a molecular template and 
components parts of a molecular structure are moved to the template e.g. by control potentials applied to surface electrodes 
(4) formed by electron beam lithography on the substrate. A long molecular chain can be assembled using the substrate to 
form the chain from a plurality of component molecular parts. Alternatively, the substrate, with the assembled molecular 
chain, can be used as a catalyst. J\ 





At least one drawing original (y filed was informal and the print reproduced here is taken from a later fifed formal copy. 
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DESCRIPTION 
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"U. Invention relates to Secular synthesis ami has 

PirtiCUlai »"* «* — application to 
synthesising large organle molecule.. 

l"erge organic molecules axe of Increasing Interest for 
■Electronic applications. m particular, linear 

conouctin, «,iecule. are being investigates for use in 
tutors and other devices and -icroclrcults. 
"near conductor, can exhibit semlconductlvlty, 
****** soper- conductivity, charge and spin density 
vaves (Peierls transition,, and should show other one 
Clonal transport properties. They are potent 
one dimensional conductors, as both electron and 
Phonon transport may to confix te aingle ^ 
chains. This is manifested most clearly where there are 
conjugated (e.g. n-conjugated carbon, bonds along the 
Principe a^s, and -ach .eater (8 .g. hydros, ^ 
in perpendicnlar direction. This case ensures aaxtaum " 



electron transport localisation to the principal axis, 
and also maximum phonon transport localisation. It is 
systems such as this that show Peierls transitions very 
clearly, and also have been demonstrated exhibiting 
superconductivity with a critical temperature in the 
region of 15K. One of the problems with experiments on 
these systems is that they must be conducted on 
crystals containing many hundreds of molecules, which 
are inherently highly defective. 

It is an object of the present invention to provide a 
method by which such long chain molecules can be 
synthesised. In accordance with the invention, there 
is provided a method of molecular synthesis comprising 
providing a substrate with a nanofabricated surface 
structure that acts as a molecular template for 
permitting a particular molecular structure to form 
thereon, and feeding component parts of said molecular 
structure to the template so as to form said structure 
thereon • 
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The invention also Includes a substrate for use in the 
method including said nanof abricated surface structure 
for use as the molecular template. 

The template may be formed by microwriting with a 
scanning tunneling microscope (STM), or other 
lithographic device with atomic resolution. 

The method may also include moving the molecular 
structure formed on the template away from the region, 
and the substrate may include control regions for 
applying control potentials for moving the molecular 
component parts to or from the template region. The 
control regions may be formed by electron beam 
lithography, or other fine lithography. 

The unit cell of a large molecule M y be formed, then 

-ed to one side as another unit cell is formed then 
joined to the first and so on. 

Thus, by .neans of the invention, it is possible to 
synthesise long chain molecules. The molecules thus 
formed may be moved from the template so that 
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successive molecular fabrications can be achieved in 
the manner of a production line. 

Alternatively, component parts of the molecular 
structure may be at first physisorbed onto the surface 
(electrostatic van der Waals type bonding) and then be 
chemisorbed (bonded more strongly to the template) . The 
resulting synthesised molecular structure produces a 
charge density variation which allows reaction with 
other molecules which are on the surface or in an 
ambient medium. This would thus m-tiM r* certain types of 
inorganic enzymes and catalysts. 

Additionally, potentials could be applied to the 
15 surface in such a way as to enhance the reaction. For 
example, bonds could be stretched or weakened or 
broken, permitting reactions which would not otherwise 
take place. 

20 In order that the invention may be more fully 
understood an example thereof will now be described 
with reference to the accompanying drawings in which: 
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r 1 " achemauc — « a aabstrate 

. * temPl " tt ' to ° ««*=d accordin, to the 

invention; and « «■« rue 

orientation. *««"**uar 

Ref6rring ^ *> 1. this shows a trench 

formed in a substrate bv 

ucstrate by an stm method. As shown 

lorm a trench 2 which «,wo ^ 

wiu.cn includes a number of «♦«.*■ 
"hillocks- * or atomic 

mxxocks 3, constituted by a localise 
of ato M mw vocalised accumulation 

atoms. pattern of hillocks 3 *<, , 

- ".iiocxs 3 is selected to 

form a template that will ^ , 

will receive component parts of a 

Z " 10 — " to ,1 

trench to ensure that the lo^i . * 

^ local Potential distribution 
corresponds to the molecule to w 

CUXe t° be synthesised. 
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An electron beam lithography defined structure 4 is 
utilised to move component parts of the molecule to be 
synthesised into the trench. The structure 4 thus may 
comprise a control electrode to which control 
5 potentials are applied to shift the component molecular 

parts over the surface of the substrate to the 
trench. 

The substrate may be grown, or altered with the atomic 
10 resolution lithography, so as to allow the application 
of potentials. 

■* 

It will be appreciated that the formation of the trench 
by STM methods is time-consuming. Thus, the formation 
15 of the control electrodes 4 by electron beam 
lithography greatly facilitates construction of the 
device since the lower resolution lithography method 
can be carried out at a much faster rate than SOM 
techniques. 

20 

Figure 2 shows schematically a molecule 5 approaching 
the molecular surface of the trench 2. The molecular 
hillock 3, formed by STM methods is configured in such 
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« particular orientation. Thus, by arranging a number 
of such hillock 3 and recess , along the length ox the 

^ 2 ' " 18 »-«">»• to assemble consonant 
molecular parts such as the molecule 5 m „ 
Predetermined orientation along the trench, such that 
the molecules will bond to one another so a. to 
aynthesise a long chain Weenie. Additional control 
(K>t 8h °™' <°*™>* by eUctron tea. 
lithography my be used to shift the synthesised 
-lecule away fro. the trench for rurtlmr use. Ttos 
the trench can be used a. a tool in a production line 

prOCe " f ° r — -any .olecule, of id^tica! 
secular configuration. Such long chain .Mecule. may 

USed e - 9 - fOT -iexooircuit fabrication, 
-lecules which have a repetitive molecular structure, 
it may be possible to define a unit cell in the trench 
• that the electrode. 4, after formation of a first 
part of the molecule, move the molecule along so 
that a second unit part can be formed thereon etc. „ a 
continuous flow. 
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The nanofabricated surface structure need not 
necessarily be a trench; it could be a freestanding 
bridge or cantilever structure or of other suitable 
configuration . 

In addition to forming molecules for microcircuits, it 
may be possible to synthesise pharmaceutical 
compositions, or molecules for other applications. 

The surface itself could be used as a catalyst. Thus, 
the template defined by SIM can be used to 
absorb preferentially molecules in a particular 
configuration so as to synthesise a particular 
reaction. m a first, passive system, molecules or 
atoms are first physisorbed onto the surface of the 
substrate (electrostatic van der Baals type bonding) 
and then chemisorbed (bond more strongly to the 
surface) to produce a charge density variation which 
allows reaction with certain other species which are on 
the surface or in an ambient medium. This would m<m^ 
certain types of inorganic catalysis. 
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An active catalytic device could also be produced. 
*his will alter the field distribution with applied 
potentials in such a way as to enhance a chemical 
reaction. For example bonds could be stretched or 
weakened or broken, permitting reactions which would 
not otherwise take place. Whilst the invention is 
primarily considered suitable for synthesising organic 
long chain molecules, it may also be applicable to 
inorganic molecular synthesis and catalysis. 
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1. A method of molecular synthesis comprising 
providing a substrate with a nanofabricated surface 
structure that acts as a molecular template for 
permitting a particular molecular structure to form 
thereon, and feeding component parts of said molecular 
structure to the template so as to form said structure 
thereon. 

2. A method according to claim 1 including moving the 
molecular structure formed on the template away from 
said nanofabricated surface structure. 

3. A method according to claim 1 or 2 including 
applying control electrical potentials to said 
component parts during the formation of said molecular 
structure* 

4. A method according to any preceding claim 
including applying control potentials to the substrate 
adjacent said nanofabricated surface structure so as to 
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move component parts of said molecular structure to the 
template. 



5. A method according to any preceding claim 
including applying control potentials to the substrate 
to move the molecular structure forced by the template 
away from said nanofabricated surface structure. 

6. A substrate for use in a method according to any 
preceding claim including a nanofabricated surface 
structure that acts as a molecular template for 
permitting a particular molecular structure to form 
thereon. 
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7. A substrate according to claim 6 wherein said 
nanofabricated surface structure includes a region 
wherein the molecular structure of the substrate has 
been modified by microwriting with a scanning tunneling 
microscope to define said template. 

8. A substrate according to claim 6 ox 7 including 
control regions for applying control potentials for 
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moving said molecular component parts to or from the 
template region. 

9. A substrate according to claim 6, 7 or 8 wherein 
5 said control regions are formed by electron beam 

lithography. 

10. A method of molecular synthesis substantially as 
hereinbefore described with reference to the 

10 accompanying drawings. 

11. A substrate for use in molecular synthesis, 
substantially as hereinbefore described with reference 
to the accompanying drawings. 

15 

12. Molecular structures formed by a method according 
to any one of claims 1 to 5. 
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